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LONG-TERM  GOALS 

T  he  iongfoerm  goais  are  to  understand  the  transform  ation  of  surface  gravity  w  aves  propagating 
acrossthe  nearshore  to  thebeach,  the  corresponding  wave-driven  circulation,  and  the  associated 
evolution  ofsurfeonem  orphology. 

0  BJECT1VES 

The  ob Actives  in  F  Y  97-98  are  to  obtain  com  p rehen sive field  observations  on  a  bathym  etrically 
com  plex  naturalbeach  to  develop,  test,  and  im  prove  m  odels  describing  the 

-transform  ation  of  surface  w  aves  acrossthe  nearsho  re  and  surfzone 

-breaking  w  ave-driven  setup  and  nearbottom  circulation 

-evolution  of  the  nearshore  bathym  etry  in  response  to  waves  and  circulation 

A  n  additional ob Active  is  to  provide  data  supporting  other  SandyD  uck  studies  of  w  ave  trans¬ 
form  ation,  ssdim  ent  transport,  and  acoustic  properties. 

APPROACH 

The  evolution  of  waves^  currents,  and  bathym  etry  on  a  naturalbeach  is  being  observed  during 
the  SandyD  uck  field  experim  ent  on  the  N  orth  C  arolina  coast.  Pressure  gages,  current m  eters, 
and  sonar  altim  eters  have  been  deployed  on  a  two-dim  ensionalgrid  extending  370  m  from  near 
the  dioreline  to  about  5  m  water  depth  and  spanning  200  m  along  the  coast  (figure  1).  The 
grid  is  large  enough  to  sam  pie  sign  ificant  bathym  etric  inhom  ogeneities  and  their  effects  on  w  ave 
evolution  and  circulation .  The  qpatially  extensive  instrum  ent  arrays  w  ill  allow  quantitative  in¬ 
vestigations  of  sea  and  s w  ell,  edge  w  ave^  shear  w  ave^  alongshore  hhom  ogeneous  circulation, 
and  changing m  orphology. 

3n  collaboration  w  ith  T  .H  erber^.  a  Bousshesq  m  odelforthe  nonlinear  evolution  of  nonbreak¬ 
ing,  directionally  go  read  w  aves  w  illbe  tested  by  com  parison  w  ith  the  array  observations.  T  he 
m  odelw  illbe  initialized  w  ith  w  ave  directionalqoectra  estim  ated  horn  pressure  sensor  array  date 
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acquired  in  8un  w  ater  depth  (not  show n),  and  m  odelpredictions  w  dilbe  com  pared  w  ith  w  ave 
observations  at  shallow  er depths  (figure  1 ) . 

Breaking  substantially  com  p  fixates  w  ave  evolution .  F  ield  m  easuren  ent-based  algorithm  s  fcres- 
tim  ating  breaking  location  and  significant  w  ave  height  in  the  surfzone  are  used  w  idely  in  practh 
calapplications.  H  ow  eveq  the  effect  of  breaking  on  w  ave  propagation  directions  is  unknow  n .  In 
collaboration  w  ith  T .  H  erbers  and  W  .  0  'R  eilly,  m  odels  for  directionally  gpread  w  aves  w  iUbe  ini¬ 
tialized  w  ith  m  easuren  entsin  5m  depth,  and  predictions  of  to  talw  ave  energy,  m  ean  propagation 
direction,  directional^  read,  and  radiation  stressesw  illbecom  paredwith  surfzone  observations. 

A  crossnsh ore  transect  of  buried  (to  avoid  flow -induced  pressures)  Parospressure  gagesprovides 
estim  ates  of  the  w  aveloreaking  induced  setup.  In  collaboration  w  ith  B  .  R  aubenheim  er,  the  ob¬ 
servations  w  illbe  com  pared  w  ith  m  odels  for  setup  and  w  ith  the  corresponding  offshore  directed 
near-bottom  flow  s  (undertow  ) . 

G  raduate  studentF .  F  eddersen  is  com  paring  the  observed  breaking  w  ave-forced  circulation  w  ith 
predictions  of  a  shallow  water  equation-based  m  odelthat  incorporates  the  physics  of  bathy- 
m  etrically  controlled  surfzone  flow ,  including  longshore  pressure  gradients  and  the  nonlinearity 
believed  to  cause  rip  currents.  Instead  of  relying  on  problau  atic  (on  a  naturalbeach)  periodic 
boundary  conditions  or  longshore  boundary  conditions  requiring  an  unrealistically  large  num  - 
berofobservation^  nonlinear  inversem  odelingand  dataassim  ilation  w  illbe  used.  The  assim  na¬ 
tion  of  observed  currents  includesthe  effects  (on  them  odeledflow  field)  of  large-scale,  longshore 
variations  in  thebathym  etry  (orw  ave  field)  that  are  outside  the  instrum  ented  area  and  notm  od- 
eled  explicitly. 

0  bserved  currents  and  sedim  ent  characteristics  w  illbe  used  to  drive  a  2D  energeticsdype  m  or- 
pho  logical  evolution  m  odelthat  is  under  developm  ent.  Predictions  of  bar-scale  m  orphological 
evolution  w  illbe  com  pared  w  ith  observationsm  ade  w  ith  the  array  ofaftim  eters  (figure  lb),  sup¬ 
pler  ented  by  gpatially  dense  surveys m  ade  daily  w  ith  an  am  phibious  vehicle. 

W  0  RK  CO  M  PLETED 

The  array  was  deployed  in  July  1997  and  data  have  been  acquired  nearly  continuously  form  ore 
than  25m  onths  (Lug  -  m  id-0  ctl997) .  D  ata  collection  is  planned  until  early  N  ov.  D  ata  return 
isgreaterthan  97%  .  Significantprooessing  isperform  ed  in  near-realtim  e, andm  aps  of  nearshore 
w  ave  heights  and  directions  bathym  etry,  m  ean  flow  s,  and  setup  every  3  hours  for  75  days  have 
been  produced  (figures  1  and  2,  discussed  below ,  correspond  to  a  single  3-hourperiod) . 

0  ne-dim  ensionalBoussinesq  shoaling  w  avem  odels  have  been  com  pared  w  ith  observationsm  ade 
on  the  crossshore transectoftheD  uck94  pilot experim  ent  (E Igaretal  1997,  Chen  etaL  1997, 
N  orheim  et  ah  1997) .  The  m  om  entum  balance  described  by  the  shallow  w  ater  equations  w  as 
verified  by  com  parison  w  ith  m  ean  longshore  currents  observed  along  the  D  uck94  transect  (Fed- 
derson  etaL  1997).  A  ID  m  orphological  evolution  m  odelwas  shown  to  predict  the  offshore 
sandbarm  igration  observed  in  D  uck94  (G  allagheretaL  1997) . 

RESULTS 

N  earshore  w  aves  and  circulation  driven  by  a  m  oderate  storm  (150  cm  significant  w  ave  height  in 
5  m  depth)  are  shown  in  figures  1  and  2.  The  waves  were  obliquely  incident  on  the  shoreline 
(figure  la) .  W  ave  breaking  w  as  w  eak  and  the  w  ave  height  ran  ained  approxim  ately  constant  in 
w  ater  depths  greater  than  3  m  (figures  la  and  2a) .  Strong,  w  ave-driven  m  ean  longshore  currents 
O  130  cm  /sec)  w  ere  observed  in  the  narrow  surfzone  near  the  shoreline  (figure  lc) .  There  w  as 
little  alongshore  variation  in  bathym  etry  (figure  lb),  wave  directions  figure  la),  orm  ean  currents 
figure  lc) .  B  reaking  related  changes  in  the  w  ave  radiation  stress  are  approxim  ately  balanced  by 
w  ave  setup  figure  2b)  that  drives  strong  offshore  directed  m  ean  currents  figure  2c) .  P  relim  inary 
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analysis  suggests  that,  In  this  case,  alongshore  gradients  In  the  bathym  etry  and  w  ave  field  are 
not  in  portant  In  either  the  m  ean  longshore  or  m  ean  cress-shore  m  om  entum  balances.  It  is 
anticipated,  bared  on  previous  experience  at  this  site,  that  the  bathym  etry  w  illbecom  e  irregular 
as  storm  sbecom  em  ore  intense  and  frequent. 

M  PACT  APPLICATIO  N  S 

The  SandyD  uck  obrervationsw  illbe  used  to  verify  and  in  prove  w  ave,  circulation,  and  m  orpho- 
logical  change  m  odels  of  interest  to  oceanographers  and  engineers.  In  addition,  the  qpatially 
and  tan  porally  extensive  observations  provide  the  opportunity  to  discovernsA?  phenom  ena  not 
included  in  pressntm  odels. 

TRANSITIONS 

The  sonar  altim  eters  developed  under  this  program  are  being  utilized  by  other  scientist^  includ¬ 
ing  altim  eters  m  ounted  on  the  CRAB  |EB  .Thornton,  E  .G  allagher),  on  a  m  ovable  instrum  ent 
sled  (Thornton,  Stanton), and  on  theFR  F  'sSenrer Inrertion  Systan  (3  .M  iller,D  . R esio ) .  F  ield 
tested  m  odels  for  surfzone  w  aves  have  been  adapted  by  the  operational  N  avy  (eg,  the  SU  R  F 
m  odel) . 

RELATED  PRO  JECTS 

T  he  observations  of  nearshore  w  aves,  currents,  and  bathym  etry  com  pl±n  ent  collaborative  far  ith 
H  erbers  and  0  'R  eilfy)  investigations  of  w  ave  propagation  across  the  inner  fa!  aves  in  the  0  cean 
BAA  )  and  entire  (Shallow  W  aterW  avesD  R  I)  continental sh elf. 

W  e  also  are  collaborating  w  ith  other  SandyD  uck  investigatory  including  using  our  m  easure- 
m  entsofwavey  currenty  andbathym  etry  in  studies ofbottom  roughness  (hydraulic drag)  (Thorn¬ 
ton,  D  rake),  wave  breaking  (Lippm  ann),  the  verticaldistribution  of  currents  (Thornton,  H  ath- 
aw ay), circulation  (J.Sm  ith),thedeterm  ination  ofbathym  etry  fiom  wavedata  (P.Sm  ith,T.H  ol- 
land),  acousticalproperties  (H  ay,  H  eitm  eyer,  Livingston),  wave-breaking  induced  bubbles  (Su), 
nearshore bedform  s  (I  ay,  Thornton,  G  allagher),  redim  enttzanqport  H  illep  R  esio ),  video  estfo 
m  ation  of  surfzone  currents  (S  olm  an),  and  s^ash  procesres  (3  o  hand,  S  allanger) . 
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F  Igure  1 :  Sum  m  ary  of  observations  obtained  w  1th  our  SandyD  uck  array  during  a  storm  y  3  hr- 
perbd  (1300-1600  hrs,  4  Sep  1997).  Each  paneldiows  a  plan  vlen?  of  the  Instrum  ented  region  with 
north  toward  the  top  and  the  diorefne  to  the  left,  (a)  W  ave  propagation  direction  (Indicated  by  the 
arrow  direction)  and  wave  variance  proportional  to  the  arrow  length)  estirn  ated  with  data  from  a 
blaxlalcurrentm  eter  and  pressure  sensor  located  atthebase  of  each  arrow .  p)  D  epth  contours  (2  0 
cm  Intervals)  based  on  sonar  aitm  eters  fifed  circles) .  A  crossrshore  profile  of  water  depth  is  shown 
in  figuie  2c.  (c)  M  ean  (3-hr  average)  currents  (direction  and  m  agnltude  are  Indicated  by  the  arrow 
direction  and  length,  respectively) .  The  longestvector  corresponds  to  about  136  cm  /s. 
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F  igure  2 :  0  bsered  (a)  significant  wave  height  if  s ,  (b)  super-elevation  (eg,  setup)  of  the  m  ean  sea 
surface  (solid  line  corresponds  to  atheoieticalpiediction),and  (c)  waterdepth  (solid  line)  and  near¬ 
bottom  crossehore  currents  (die  base  of  each  arrow  corregoonds  to  a  flow  m  eter  location  and  the 
longest  vector  corresponds  to  about  30  cm  /sec)  versus  cross-ahore  distance.  The  observations  were 
obtained  along  the  centraltransect  near  longshore  coordinate  827  m  (figure  1)  between  1300  and 
1600  hrs,  4  Sep  1997 . 
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